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A program w a s  undertaken t o  investigate var ious  methods o f  p r e p a r i r y  the 
2 , 2 - d i n i t r o p r o ~ z n o l  (I) , w i t h  the ult inate 03 j e c t i v e  of developing  a process  
s u i t a b l e  for large scale prcducxioa. With the except ion  of o=e s y n t h e t i c  
route,.which w i l l  be d i s c u s s e d  l a t e r  
a r e p a r z t i o n  of l , i 4 i n i t r o e t h a n e  (11) o r  i t s  n i t r o n a t e  s a l t .  T:ie convers i o n  
o f  I1 t o  I is  straighti?orwa+ us ing  the c e t h c d  of H e r ?  i n  v'aich an aqueous 
suspension of t h e  d i n i t r o g a r a f f i a  i s  t r e a t e d  w i t h  f o m l c l e h y d e  LI the  gresence 
of a b a s i c  c a t a l y s t .  I n  p r a c t i c e ,  i c  i s  usually nor2 cm-rea iea t  t o  start with 
the ni t ronate  sal t  o f  the  d i n i t r o p a r a f f i n  a d  add one e q u i v d e n t  of a c i d  t o  t h e  
solution: 

the key s t e g  in t h e  s y r t h e s i s  of I is t h e  

The product i s  i s o l a t e d  by e x t r a c t i o n  wi th  a so lvent  fol lowed by removal of  t h e  
so lvent  i n  vacuo t o  leave  I i n  t h e  form of  a waxy whire s o l i d .  The m a t e r i a l  pre- 
pared i n  t h i s  manner is of s a t i s f a c t o r y  p u r i t y  f o r  u s e  a s  an in te rmedia te  i n  most 
r e a c t i o n s  without  f u r t h e r  p u r i f i c a t i o n .  
repeated subl imat ion  i n  vacuo; i t  i s  q u i t e  hygroscopic when pure and i t s  melt ing 
poin t  (92-94") i s  extremely s u s c e p t i b i e  t o  depress ion  by smal l  amounts of  i m p u r i t i e s .  

A n a l y t i c a l l y  pure I can be prepi red  by 

A t  the  o u t s e t  of t h i s  work, two r o u t e s  t o  I1 were known which appeared s u f f i -  
c i e n t l y  a t t r a c t i v e  f o r  i n v e s t i g a t i o n  a s  p o t e n t i a l  product ion processes .  

OXIDATIVE-NITRATION REACTION 

The most convenient method f o r  preparing E - d i n i t r o  compounds involves  t h e  
r e a c t i o n  d iscovered  by Kaplan and Shechter' in which t reatment  of t h e  n i t r o n a t e  s a l t  
of a primary o r  secondary mononitroparaff in  wi th  s i l v e r  n i t r a t e  and an inorganic  
n i t r i t e  i n  aqueous media g ives  t h e  corresponding E - d i n i t r o  compound and m e t a l l i c  
s i l v e r :  

RCH=NO2- .+ 2 Ag+ + NO2- - RCH(N02)2 + 2 Ag 

R2C=N02- + 2 Ag+ + N02- R2C(NO2)2 + 2 Ag 

The r e a c t i o n ,  which has  been termed an o x i d a t i v e - n i t r a t i o n  process ,  has been used 
t o  prepare a v a r i e t y  of primary, secondary, and f u n c t i o n a l l y  s u b s t i t u t e d  d i n i t r o -  
p a r a f f i n s .  The s i l v e r  produced i n  t h e  r e a c t i o n  may be s e p a r a t e d  and converted t o  
aqueous s i l v e r  n i t r a t e  by t reatment  with concent ra ted  n i t r i c  a c i d ;  a f t e r  pH a d j u s t -  
ment of  the  r e s u l t i n g  s o l u t i o n  t o  5-6, it is ready fur re-use.  
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The prepara t ion  of I by t h i s  procedure w a s  i n i t i a l l y  c a r r i e d  out  i n  these 
l a b o r a t o r i e s  v i a  t h e  in te rmedia te  sodium l-hydroxy-2-propanenitronate, which i n  
t u r n  w a s  prepared by t r e a t m e n t  of  a suspension of n i t r o e t h a n e  i n  aqueous formal- 
dehyde with sodium hydroxide: 

O v e r a l l  y i e l d s  of 65-70% ( c o r r e c t e d  f o r  t h e  p u r i t y  of commercial grade n i t roe thane)  
were obta ined .  P r i n c i p a l  drawbacks t o  t h i s  procedure were s i d e  r e a c t i o n s  which 
could  be suppressed,  b u t  not e l imina ted ,  by c a r e f u l  c o n t r o l  of r e a c t i o n  var iab les :  

yo2 
2 CH3CH2NO2 + 2 CH20 + NaOH __3 CH~C(CH~OH)Z + CIi-jCH=NO2Na 4 H2O 

2 M20 + O A  - HCOO' 4 CH3OH 
+ 

M20 + 2 Ag + 3 OH- - HCOO- + 2 Ag + 2 H20 

CH3CH=N02Na + 2 Ag4 + NO2- - CH3CX(NO2)2 + 2 Ag 4 Na* 

To circumvent t h e s e  s i d e  r e a c t i o n s ,  a modified procedure was developed in  which the 
o x i d a t i v e - n i t r a t i o n  w a s  c a r r i e d  out  b e f o r e  t h e  methylolat ion s t e p :  

0 

CH3CH2NO2 + NaOH CH3CH=NO2Na + H20 

XI1 

I11 + 2 Ag+ + NO2- - CH3CH(NO2)2 + 2 Ag + N a +  

YO2 

(2) 

I1 

(3)  I1 + NaOH CH3C=N02Na 4 H20 

IIa 

I I a  + a 2 0  4 H*- CH3C(N02)2CH20H + Na* ( 4 )  

I 

Under t h e  condi t ions  descr ibed  below, labora tory  y i e l d s  i n  r e a c t i o n s  1-4 were 
approximately 98,  90, 98, and 97% r e s p e c t i v e l y .  With a 95% e x t r a c t i o n  recovery of 
I from t h e  aqueous l a y e r ,  t h i s  g ives  an o v e r a l l  y i e l d  o f  80% based on n i t r o e t h a n e .  
A t y p i c a l  a n a l y s i s  of m a t e r i a l  produced by t h i s  method is given i n  Table 1. Reaction 
5 i s  e s s e n t i a l l y  q u a n t i t a t i v e  and l o s s e s  i n  t h i s  s t e p  a r e  pr imar i ly  mechanical: 
s i l v e r  l o s s e s  w i l l  be d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n .  React ion 1 was c a r r i e d  out 
a t  0-10' i n  most ins tances ,  a l though temperatures  up t o  20" could be  used without  
n o t i c e a b l e  change i n  r e s u l t s :  a t  temperatures  above ambient, s i d e  r e a c t i o n s  leading 
t o  t r i rnethyl isoxazoles  become apprec iab le  .3 Using a 5-10% excess  o f  sodium hydrox- 
i d e ,  added wi th  vigorous a g i t a t i o n  t o  t h e  ni t roethane-water  suspension,  the reac t ion  
was complete wi th in  10 minutes a f t e r  completion o f  a d d i t i o n  of t h e  base.  
po in t ,  sodium n i t r i t e  was added and t h e  r e s u l t i n g  s o l u t i o n  ( a t  0-10") w a s  added 
r a p i d l y  t o  a vigorously s t i r r e d  s o l u t i o n  of t h e  s i l v e r  n i t r a t e  maintained a t  -5 t o  

A t  t h i s  
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and the  F i x t u r e  became extremely t h i c k ,  then progress ive ly  l e s s  v i scous  a s  m e t a l l i c  
s i l v e r  separated:  t h e  r e a c t i o n  is  accompanied by a n  exotherm, and e x t e r n a l  cool ing  
was appl ied  a s  requi red  t o  keep t h e  temperature  below 20". 
over ,  50% sodium hydroxide was added over a 15-minute per iod a t  15-20' t o  convert  I1 
t o  i t s  water s o l u b l e  sodium sa l t  ( r e a c t i o n  3) and t o  p r e c i p i t a t e  excess  s i l v e r  ion 
a s  s i l v e r  oxide.  After f i l t r a t i o n  and water washing of the  s i l v e r ,  the  pH of t h e  
combined f i l t r a t e s  was reduced t o  9-10 with a c e t i c  a c i d ;  a 10% excess  of 37% formal- 
dehyde was then added and the a c i d i f i c a t i o n  was cont inued u n t i l  a pH of  5.0-5.5 was 
reached ( r e a c t i o n  4 ) .  The aqueous s o l u t i o n ,  containing 7-9% o f  I w a s  then e x t r a c t e d  
with ethylene c h l o r i d e  e i t h e r  batchwise or  i n  a countercur ren t  column. E x t r a c t i o n  
e f f i c i e n c i e s  of  94-96% were a t t a i n e d .  
concentrated i n  vacuo t o  t h e  d e s i r e d  s t r e n g t h  p r i o r  t o  use a s  an in te rmedia te  i n  
subsequent r e a c t i o n s .  The m e t a l l i c  s i l v e r  recovered from the  o x i d a t i v e ' n i t r a t i o n  
s t e p  was converted t o  s i l v e r  n i t r a t e  by s l u r r y i n g  i n  water  and t rea tment  with a 
s l i g h t  excess  o f  67% n i t r i c  a c i d  a t  30-40". The pH of  the r e s u l t i n g  s o f u t i o n  was 
then ad jus ted  t o  5-6 wi th  sodium hydroxide; some s i l v e r  oxide was formed i n  t h i s  
s t e p ,  but did not i n t e r f e r e  with use  of t h e  s o l u t i o n  i n  a subsequent oxidat ive-  
n i t r a t i o n ,  s i n c e  t h e  oxide i s  a l s o  converted t o  s i l v e r  i n  t h e  r e a c t i o n .  

As r e a c t i o n  2 proceeded, a s o l i d  (presumably an in te rmedia te  complex2) separa ted  

When t h e  exotherm was 

The e thylene  c h l o r i d e  s o l u t i o n  of I was then 

The procedure was adapted t o  batch p i l o t  p l a n t  o p e r a t i o n  us ing  0.5 l b  mole of 
n i t r o e t h a n e ,  and was eventua l ly  increased  t o  a 2.0 l b  mole s c a l e .  Although the  
o v e r a l l  y i e l d s  on t h e  p i l o t  p l a n t  s c a l e  averaged about 5% lower than  those obta ined  
i n  labora tory  p r e p a r a t i o n s ,  t h e p r o c e s s  presented no major scale-up problems. In  
i n i t i a l  p i l o t  p l a n t  s t u d i e s ,  s i l v e r  was recovered by c e n t r i f u g i n g  t h e  s l u r r y  a f t e r  
t h e  n e u t r a l i z a t i o n  s t e p  i n  which I1 was converted t o  i ts  s o l u b l e  sodium s a l t .  In  
order  t o  reduce s i l v e r  l o s s e s  due t o  handl ing,  i n t e r n a l  s t a i n l e s s  s t e e l  f i l t e r s  were 
subsequently i n s t a l l e d  i n  t h e  o x i d a t i v e - n i t r a t i o n  r e a c t o r  and the s l u r r y  w a s  pres-  
s u r e  f i l t e r e d  r a t h e r  than  c e n t r i f u g e d .  
removed from t h e  k e t t l e  from run t o  run;  a f t e r  f i l t r a t i o n  and washing, the  s i l v e r  
was s l u r r i e d  with water and n i t r i c  a c i d  was added t o  rbgenera te  s i l v e r  n i t r a t e .  
Handling l o s s e s  were reduced cons iderably  and would have been reduced f u r t h e r  had 
it not been f o r  t h e  occas iona l  formation o f  very f i n e l y  d iv ided  s i l v e r  i n  t h e  
r e a c t i o n .  When t h i s  occurred,  f i l t r a t i o n  was extremely s low and i t  was necessary 
to allow t h e  s l u r r y  t o  s e t t l e ,  af ter  which t h e  superna tan t  l i q u i d  could  be removed 
by siphoning. Subsequent washing of the  s i l v e r  was d i f f i c u l t  and i n e f f i c i e n t ,  and 
s i l v e r  l o s s e s  occurred d e s p i t e  f i l t r a t i o n  of the  siphoned m a t e r i a l .  The cause of 
f i n e  s i l v e r  formation was not  determined but  appeared t o  be a s s o c i a t e d  with t he  
bui ldup  of small q u a n t i t i e s  of organic  m a t e r i a l  i n  t h e  s i l v e r .  Thus, once f i n e l y  
d iv ided  s i l v e r  had formed, the  problem was g r e a t l y  magnified s i n c e  i t  was d i f f i c u l t  
t o  wash t h e  s i l v e r  adequately,  and the  bui ldup o f  organic  m a t e r i a l  i n  the  s i l v e r  
cake increased r a p i d l y  i n  subsequent runs.  I t  has  been our exper ience  t h a t  t h e  b e s t  
way t o  avoid t h i s  d i f f i c u l t y  is t o  main ta in  a uniform d i s p e r s i o n  of s i l v e r  i n  t h e  
mixture by providing e x c e l l e n t  a g i t a t i o n  during the o x i d a t i v e - n i t r a t i o n ,  n e u t r a l -  
i z a t i o n ,  and s i l v e r  washing s t e p s .  

Using t h i s  procedure, t h e  s i l v e r  was not  

Several  hundred thousand pounds of I were produced by t h e  o x i d a t i v e - n i t r a t i o n  
method a t  t h i s  f a c i l i t y .  Under normal opera t ing  c o n d i t i o n s ,  s i l v e r  l o s s e s  averaged 
about  1%. Over s h o r t  per iods  of  time, losses ran a s  low a s  0.5% and a s  h igh  a s  2%. 
The 1% loss can be t o l e r a t e d  f o r  t h e  prepara t ion  of development q u a n t i t i e s  o f  I b u t  
becomes a s e r i o u s  drawback f o r  l a r g e r  s c a l e  product ion.  Other  economic disadvan- 
t a g e s  t o  t h e  process  a r e  t h e  requi red  use o f  expensive low-chloride grade sodium 
hydroxide ( t o  avoid formation of  s i l v e r  c h l o r i d e )  and t h e  r e l a t i v e l y  l a r g e  q u a n t i t i e s  
of n i t r i c  ac id  requi red  t o  regenera te  s i l v e r  n i t r a t e  from recovered s i l v e r .  A study 
of  an a l t e r n a t e  procedure,  not r e q u i r i n g  t h e  use  o f  s i l v e r  n i t r a t e ,  was t h e r e f o r e  
undertaken. I t  should be mentioned t h a t  a modi f ica t ion  of the o x i d a t i v e - n i t r a t i o n  
h a s  been descr ibed  r e c e n t l y 4  i n  which t h e ' r e a c t i o n  i s  c a r r i e d  out  i n  an e l e c t r o l y t i c  
c e l l ,  with s i l v e r  ion  being regenerated a s  i t  i s  consumed. While t h i s  procedu-re 



shows promise of overcoming t h e  problem of s i l v e r  l o s s e s ,  a cons iderable  amount of 
development work remains . to  be done before  its u l t i m a t e  p o t e n t i a l  f o r  l a r g e  s c a l e  
production i s  known, 

TER MEER REACTION 

An a l t e r n a t e  method f o r  prepar ing  s a l t s  of terminal  E - d i n i t r o  compounds t h a t  
has been known f o r  many y e a r s  is the  t e r  Meer r e a ~ t i o n , ~  and involves  t reatment  of 
1-halo-1-ni t roparaff ins  wi th  n i t r i t e  i o n  i n  b a s i c  media t o  g ive  t h e  anion o f  the  
te rmina l  gem-dinitro compound and c h l o r i d e  ion .  
e thane the  r e a c t i o n  is: 

In  t h e  c a s e  of l -chloro- l -ni t ro-  

NO2 ' I  "02 
QI3CCl 4 NO2- .+ 8:- - M3C=NO2- .t C1- 4 BH 

I 
H 

I n  p r a c t i c e  it is d e s i r a b l e  (by s u i t a b l e  choice of r e a c t i o n  so lvent  and/or metal 
c a t i o n )  t o  force  s e p a r a t i o n  of t h e  n i t r o n a t e  anion from t h e  r e a c t i o n  mixture a s  a 
spar ingly  so luble  s a l t  as it is formed. In t h i s  manner, s i d e  r e a c t i o n s  are sup- 
pressed and the r e a c t i o n  is d r i v e n  t o  completion. Potassium i o n  is t h e  c a t i o n  of 
choice s i n c e  potassium 1-nitro-1-ethanenitronate is  spar ingly  so luble  i n  water and 
e s s e n t i a l l y  inso luble  i n  most organic  so lvents ;  t h e  sodium s a l t  may be employed 
s a t i s f a c t o r i l y  i n  nonaqueous systems b u t  g ives  poor results i n  aqueous media, 
presumably due t o  i t s  high s o l u b i l i t y .  The most commonly used s o l v e n t s  f o r  the  
r e a c t i o n  a r e  water ,  a l c o h o l ,  o r  water-alcohol mixtures .  The choice  of base i n  the  
r e a c t i o n  i s  important .  Strong bases ,  such a s  a l k a l i  metal  hydroxides, g ive  only 
f a i r  r e s u l t s  s ince  they r e a d i l y  a t t a c k  t h e  1-halo-1-ni t roparaff in  t o  g ive  not only 
t h e  n i t r o n a t e  s a l t  but s i d e  r e a c t i o n  products  r e s u l t i n g  from cleavage of  both C-NO2 
and C-C1 bonds. Extremely weak bases  r e s u l t  i n  slow r a t e s  and incomplete reac t ion .  
Best r e s u l t s  have been obta ined  us ing  carbonates  o r ,  s p e c i f i c a l l y ,  potassium car -  
bonate .  Reaction temperatures  of  0-25" and t imes of  30-120 minutes a r e  genera l ly  
used; good a g i t a t i o n  i s  e s s e n t i a l  t o  high convers'ions s i n c e  the  r e a c t i o n  system is 
heterogeneous regard less  of  t h e  so lvent  employed. The product ,  potassium l - n i t r o -  
1-ethaneni t ronate ,  is u s u a l l y  p u r i f i e d  by f i l t r a t i o n  and washing with methanol t o  
remove organic  i m p u r i t i e s  which a r e  adsorbed on t h e  sa l t .  This opera t ion  i s  
undes i rab le  inasmuch a s  the  potassium sa l t ,  when dry ,  is  q u i t e  s e n s i t i v e  t o  detona- 
t i o n  by shock. I t  has  a 50% f i r e  po in t  of l e s s  than 5 cm using a 2 kg weight i n  
t h e  Bureau of Mines impact t e s t e r  (about the same as n i t r o g l y c e r i n ) .  The mater ia l  
may be  handled s a f e l y ,  provided it i s  kept wet with water  or an organic  s o l v e n t .  
The degree of improvement i n  impact s t a b i l i t y  depends upon the amount and n a t u r e  of 
the  so lvent ;  water or  aqueous a l c o h o l  is q u i t e  e f f e c t i v e  i n  amounts i n  excess  of  30% 
based on t h e  weight of t h e  d r y  s a l t .  The s a l t  is e a s i l y  converted t o  t h e  d i n i t r o -  
a l c o h o l ,  I ,  by t reatment  wi th  aqueous formaldehyde and a c i d  a s  descr ibed  i n  t h e  
previous s e c t i o n .  

The t e r  Meer r o u t e  t o  I was i n v e s t i g a t e d  a t  t h e s e  f a c i l i t i e s  s e v e r a l  years  
ago, both on a labora tory  and small  p i l o t  p l a n t  s c a l e .  
1-ni t roethane a v a i l a b l e  a t  t h e  t ime i n  t h e  q u a n t i t i e s  requi red  was m a t e r i a l  of 80% 
p u r i t y .  I t  a l s o  conta ined  n i t r o e t h a n e  (9.0%). 2-nitropropane (1.2%). 2-chloro-2- 
ni t ropropane ( 3 . 7 % ) ,  and 1,l-dichloro-1-nitroethane ( 6  .l%) . In t h e  labora tory ,  
o v e r a l l  y i e l d s  o f  I ranging from 57-62% (cor rec ted  f o r  pur i ty  of t h e  s t a r t i n g  
n a t e r i a l )  were obtained;  t h e  p u r i t y  of I was acceptab le  (95-98%) provided t h e  
potassium sa l t  of d i n i t r o e t h a n e  w a s  f i l t e r e d  and washed thoroughly with methanol 
before  proceeding with t h e  methylo la t ion  r e a c t i o n .  However, procedures designed 
t o  avoid i s o l a t i o n  o f  t h e  hazardous s a l t  on a p i l o t  p lan t  s c a l e  gave product of 
i n f e r i o r  q u a l i t y .  Thus, when t h e  crude product s l u r r y  of the  potassium s a l t  was 
t r e a t e d  d i r e c t l y  with formaldehyde and s u l f u r i c  a c i d ,  and the r e s u l t i n g  product 
i s o l a t e d  by solvent  e x t r a c t i o n  and vacuum s t r i p p i n g ,  product p u r i t y  was only 85%; 

The bes t  grade of l-chloro- 
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t h e  bulk of t h e  i m p u r i t i e s  were those  present  i n  t h e  o r i g i n a l  1-chloro-1-nitroethane. 
When thK aqueous product s o l u t i o n  of I was e x t r a c t e d  with n-hexane t o  remove impur- 
i t i e s  before t h e  ethylene c h l o r i d e  e x t r a c t i o n ,  an improvement i n  q u a l i t y  to a maximuin 
of about 93% was obtained.  In view of  these r e s u l t s ,  and tak ing  i n t o  account the  
c o s t  of 1-shioro-1-ni t roethane a t  t h e  time ($1.50/lb, a v a i l a b l e  i n  development quan- 
t i t i e s  o n l y ) ,  work on t h i s  r o u t e  t o  I was discont inued i n  favor  o f  t h e  oxida t ive-  
n i t r a t i o n  process .  
commonly used t o  prepare 1-chloro-1-nitroethane. namelv, t h e  r e a c t i o n  of aqueous 
sodium e t h a n e n i t r o n a t e  with c h l o r i n e .  gave a product of  cons iderably  improved p u r i t y  

Recent ly ,  however, i t  was shown by o t h e r  workers6 tha t  the  method 

c1 
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(3I3CH=NO2Na + C12 - (313CNO2 + NaCl 
A 

under c e r t a i n  r e a c t i o n  c o n d i t i o n s .  These r e s u l t s  were confirmed and led  t o  a 
d e t a i l e d  study of the c h l o r i n a t i o n  r e a c t i o n ,  as w e l l  a s  t o  a re-examination of  the 
t e r  Meer r o u t e  t o  I .  Emphasis was placed on t h e  development of continuous processes;  
ba tch  runs were used pr imar i ly  t o  o u t l i n e  the most promising condi t ions  f o r  cont in-  
uous opera t ion .  

Prepara t ion  of 1-Chloro-1-Nitroethane. The f i r s t  s t e p  i n  the  s y n t h e s i s ,  t h e  
conversion of t h e  weak a c i d ,  n i t r o e t h a n e ,  t o  i t s  sodium sa l t ,  p r e s e n t s  l i t t l e  d i f f i -  
c u l t y  by e i t h e r  ba tch  o r  cont inuous methods. Nitroethane is simply t r e a t e d  wi th  
aqueous sodium hydroxide a t  0-10' i n  a wel l  a g i t a t e d  v e s s e l ;  i n  our work it was 
advantageous t o  employ concent ra t ions  which gave a s o i u t i o n  conta in ing  approximately 
23% of the s a l t .  In batch  runs ,  a sodium hydroxide a d d i t i o n  t i m e  o f  15 minutes and 
a post  a d d i t i o n  s t i r r i n g  per iod of 1 5  minutes gave e x c e l l e n t  r e s u l t s .  In cont inuous 
runs using the  tho s t a g e  r e a c t i o n  system shown i n  Fig.  1, a res idence  time of 45 
minutes gave e s s e n t i a l l y  complete conversion.  Much s h o r t e r  r e a c t i o n  times can b e  
employed s a t i s f a c t o z i l y  us ing  extremely vigorous a g i t a t i o n ,  provided the  hea t  of  
r e a c t i o n  (approxinz7ely 14  kcal /g  mole) can be removed from t h e  s y s t e m .  Aqueous 
sodiuz  e t h a n e n i t r o n a t e  i s  s t a b l e  f o r  a minimum of 24 hours  a t  0-10'; prolonged 
s t o r a g e  t imes and/or h igher  temperatures  resuLt  i n  gradual  degrada t ion  of  the  s a l t .  
The samples of  commercial grade n i t r o e t h a n e  used throughout t h e s e  s t u d i e s  had a 
p u r i t y  range o f  92.8-93.3%; t h e  balance was composed of ni t romethane (0.5-1.5%), 
2-nitropropane (4-6%) and t r a c e s  of 1-ni t ropropane and n i t r o b u t a n e s .  I t  was found 
p o s s i b l e  t o  e f f e c t  a p a r t i a l  p u r i f i c a t i o n  during sodium sa l t  formation b y  us ing  an 
amount of sodium nydroxide exac t ly  equiva len t  t o  t h e  n i t r o e t h a n e  content  of  the  
commercial m a t e r i a l .  Men t h i s  was done, a small  amount o f  o i l  remained on t o p  of 
the  aqueous l a y e r  (pH 11.0) a f t e r  t h e  s a l t  formation r e a c t i o n  was complete. Separa- 
t i o n  and chromatographic a n a l y s i s  of t h e  o i l  showed it  t o  c o n t a i n  90.6% 2-ni t ro-  
propane, 9.3% n i t r o e t h a n e ,  and 0.1% ni t romethane.  The reason f o r  t h i s  s e l e c t i v i t y  
of  r e a c t i o n  with sodium hydroxide was not i n v e s t i g a t e d  but may be  due t o  d i f f e r e n c e  
i n  s o l u b i l i t y  of 2-ni t ropropane and n i t r o e t h a n e  i n  water  (1.7 and 4.5 m l  per 100 m l  
of  water ,  r e s p e c t i v e l y ) .  

The conversion of t h e  aqueous sodium sa l t  t o  the c h l o r o  d e r i v a t i v e  was found 
t o  proceed extremely f a s t  even a t  0";  crude product separa ted  from t h e  r e a c t i o n  
mixture  as i t  was formed. The most important r e a c t i o n s  o c c u r r i n g  i n  t h e  system are :  
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CH3CH=NO2Na + C12 CH3aNO2 + NaCl ( 6 )  

(7) CH3CHNO2 + NaOH - CH3C=NO2Na + NaCl  
71 Y1 
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(9) 

(10) 

React ions 7 ,  8 ,  and 9 l e a d  t o  format ion  of the byproduct 1,l-dichloro-1-nitroethane. 
React ion 7 can be a l l  but  e l imina ted  by c lose  pH c o n t r o l  of t h e  sodium ethaneni t ro-  
n a t e  f e e d  s o l u t i o n .  React ion 8 can be  minimized i n  batch r e a c t i o n s  by us ing  a non- 
a g i t a t e d  system t o  reduce c o n t a c t  between t h e  aqueous s a l t  s o l u t i o n  and t h e  o r g m i c  
product s o l u t i o n  and by removing t h e  product a s  i t  is formed; i n  a cont inuous system 
a s l i g h t  excess  of c h l o r i n e  c a n  be employed. L i t t l e  can be done t o  suppress  r e a c t i o n  
9,  but  if condi t ions  a r e  chosen a s  descr ibed  above t o  minimize 7 and 8, t h e r e  is 
l i t t l e  sodium 1-chloro-1-ethanenitronate present  t o  undergo c h l o r i n a t i o n .  The e x t e n t  
t o  which 10 proceeds is dependent, of course,  upon t h e  amount of 2-nitropropane i n  
t h e  s t a r t i n g  m a t e r i a l  and upon t h e  e f f i c i e n c y  of  l a y e r  s e p a r a t i o n  a f t e r  s a l t  forma- 
t i o n ,  as a l ready  descr ibed.  

Throughout t h i s  work, vapor chromatography was used t o  determine composition 
of the  c h l o r i n a t i o n  products .  Using a 5-meter column packed with GE-SF-96 s i l i c o n e  
on 35/80 Chromosorb, ni t romethane,  n i t roe thane ,  2-nitropropane, and l-chloro-l- 
n i t r o e t h a n e  were separa ted  q u i t e  s a t i s f a c t o r i l y ;  1,l-dichloro-1-nitroethane and 
2-chloro-2-nitropropane e l u t e d  at the same time under these  c o n d i t i o n s  and were 
t h e r e f o r e  recorded as  a s i n g l e  value.  
s t a r t i n g  m a t e r i a l  ( n i t r o e t h a n e )  remained almost cons tan t ,  it w a s  assumed that the 
amounr of  2-chloro-2-nitropropane i n  t h e  product remained cons tan t  a t  1.5% and t h a t  
any i n c r e a s e  i n  the  combited v a l u e  for  the chloroni t topropane and t h e  d ich loro-  
ni , t roethane above 1.5% was due t o  formation o f  t h e  l a t r e r  m a t e r i a l .  
g iving combined va lue  of 4.0% w a s  assumed to  conta in  2.5% of t h e  d i c h l o r o  compound. 

Since t h e  amount o f  2-nitropropane i n  t h e  

Thus, a product 

I n i t i a l  c h l o r i n a t i o n s  were c a r r i e d  out  on a batch b a s i s  a t  0-io' i n  a jacketed 
v e s s e l  equipped w i t h  a thermocouple w e l l ,  f r i t t e d  tube  f o r  c h l o r i n e  i n l e t  and a 
bottom takeoff  f o r  product  removal. Although t h e  i n i t i a l  pH of the sa l t  s o l u t i o n  
was maintained a t  11.0 and no a g i t a t i o n  was used some d i c h l o r o  compound was formed. 
The h i g n e s t  q u a i i t y  product ob ta ined  i n  t h i s  system conta ined  92.4% l-chloro- l -  
n i t r o e t h a n e ,  0.02% ni t romethane,  1.6% n i t r o e t h a n e ,  0.38% 2-ni t ropropane,  and 5.60% 
2-chloro-2-nitropropane p l u s  1.1-dichloro-1-nitroethane (4.1% of t h e  l a t t e r  based 
on t h e  assumption above). Apparent ly ,  under these condi t ions  t h e r e  w a s  eqough 
c o n t a c t  between the organic  and aqueous phase t o  permit r e a c t i o n  8 t o  occur  t o  some 
e x t e n t .  

c 
Most of  the c h l o r i n a t i o n  s t u d i e s  were conducted i n  continuous s y t e m s .  Coiled 

tube and s t r a i g h t  tube r e a c t o r s  gave about t h e  same r e s u l t s .  A s t r a i g h t  tube  
c h l o r i n a t i o n  system i s  shown i n  F ig .  l a .  Aqueous sodium e t h a n e n i t r o n a t e  was metered 
by a proport ioning pump t o  a pre-cooler  maintained a t  -10 t o  -15'; t h e  s a l t  so lu t ion  
then en tered  t h e  c h l o r i n a t i o n  t u b e  which was cooled by a b r i n e  s y s t e m  maintaineg a t  
t h e  d e s i r e d  temperatu':e. Chlor ine  was fed d i r e c t l y  t o  t h e  tube  through a rotameter. 
Ef f luent  from t h e  c h l o r i n a t o r  passed t o  a decanter  cons t ruc ted  t o  permit continuous 
overflow of spent  aqueous l a y e r  a t  t h e  t o p  and product removal a t  t h e  bottom. The 
pH of t h e  s p e n t  aqueous l a y e r  w a s  measured e i t h e r  d i r e c t l y  i n  the  decanter  o r  i n  a 

- l i n e  connected t o  the  overflow s y s t e m .  When t h e  pH of t h i s  l a y e r  w a s  maintained a t  
5.5-6.5, e s s e n t i a l l y  complete conversion was assured.  Early i n  t h i s  work, no p t o -  
v i s i o n  was mzde t o  measure t h e  i n s i d e  temperature o f  the  c h l o r i n a t o r ;  it was assumed 
t h a t  it would be w i t h i n  5-10' of t h e  temperature of t h e  c i r c u l a t i n g  c o o l a n t .  I t  was 
subsequent ly  found +&at t h i s  was not t h e  c a s e  and t h a t  temperatures  i n  t h e  reac t ion  

I 
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zone were 30-90" 'nigher than  that of t h e  coolan t ,  depending on t h e  system f low r a t e s ,  
c h l o r i n a t o r  d , i a a e t e r ,  ar,d zoolant temperature .  A t y p i c a l  p r o f i l e  of r e a c t i o n  zone 
temperatures a s  a f u n c t i o n  of res idence  time is shown i n ' F i g .  2. The higher  temper- 
atlizes were nc t  d e l e t e r i o u s ,  provided t h e  res idence  time a t  the higher  temperature 
was kept t o  a minim-an. Thus, a s  shown i n  Table  2 ,  t h e  p u r i t y  of t h e  cn loroni t ro-  
e thane remained r e h t i v e i y  constant  (94.3-95.7%) over a wide ra3ge of flow r a t e s  and 
maximus t e m p e r a r u r s  i n  those  cases  where t h e  residence t i m e  above 40' was l e s s  than 
one minute. 
decreased r a p i d i y  t o  approxina te ly  78%. 

As the  t i n e  above 40" was increased  t o  f i v e  m i m t e s ,  produzt q u a l i t y  

The n e c e s s i t y  f o r  maintaining t h e  pH of the  sodium ethanen-i t ronate  f e e d  'solu- 
t i o n  within a narrow range has been mentioned b r i e f l y .  
most c r i t i c a l  v a r i a b l e  i n  t h e  s y s t e m .  A s  shown i n  F ig .  3, b e s t  r e s u l t s  ( i . e . ,  high 
p u r i t y  produ-t a3d high conversions)  were obtained i n  t h e  pH range 11.0-11.15. 
Below t h i s  range,  t h e  conversion of  n i t r o e t h a n e  t o  i t s  sodium sa l t  is incomplete 
and low conversions t o  t h e  i h l o r o n i t r o e t h a n e  r e s u l t .  A t  h igher  pH ranges (11.3 and 
above) an excess  of base is p r e s e n t ,  which r e s u l t s  i n  convers'ion of 1-chioro-i- 
n i t r o e t h a n e  t o  i ts  sodium s a l t  ( r e a c t i o n  7 )  and c h l o r i n a t i o n  of t h e  sa l t  t o  g i v e  
the  d i c h l o r o  compound ( r e a c t i o n  9). The experiments shown i n  F ig .  3 were c a r r i e d  
out  with s l i g h r l y  l e s s  (3-5%) than t h e  t h e o r e t i c a l  am0ur.t of c h l o r i n e  i n  the  system. 
In  subsequezt work i n  ~ i c h  a s l i g h t  excess  o f  c h l o r i n e  was used, t o t a l  conversions 
above 35% and yie;ds approaching 92% were obtained (Table 3 ) .  

T h i s  was.  fcund t o  be t h e  

Inasmuch a s  t h e  c h l o r i n a t i o n  r e a c t i o n  is q u i t e  exothermic (approximately 45 
kcai/g mole), r a p i d  heat  removal in a product ion s c h i e  t u b u l a r  r e a c t o r  could not be 
accom?lishea without u t i l i z a t i o n  of  a complex and expensive system. This  considera-  
t i o n  led  t o  eva lua t ion  of an a g i t a t e d  r e a c t i o n  system i n  o r d e r  t o  provide rap id  hea t  
removal i n  a p r a c t i c a l  manner. It was f e a r e d  t h a t  i n  an a g i t a t e d  system with 
i n r i a a t e  c o n t a c t  between organic  and aqueous p h a s e s . r e a c t i o 3  8 (sal: interchange 
between r e i c t a n t  and product)  would occur lead ing  t o  formation o f  l a r g e  amounts of 
the  d i c h l o r o  compciind. Hcwever, when t h e  system was i n v e s t i g a t e d  using a s i i g h t  
excess  of c h l o r i n e  a t  temperatures  of 0- lo" ,  product p u r i t y  was a t  l east  as high a s  
t h a t  produced i n  rubular  r e a c t o r s  and y i e l d s  were abcut t h e  same. A comparison of  
r e s u l t s  obtained i n  t h e  two r e a c t i o n  systems is  given in Table 3 ;  a ske tch  of the  
a g i t a t e d  system is shorn i n  Fig.  4 .  Apparently, t h e  c h l o r i i a t i o n  of  sodium ethane- 
n i t r o n a t e  proceeds a t  a much f a s t e r  r a t e  than sa l t  in te rchange .  To ve:ify t h i s  
q u a l i t a t i v e i y ,  a s o l u t i o n  of 2.0 moles of 94.9% 1-chloro-1-nirrcethane conta in ing  
0.i7 mole of d i s s o l v e d  c h l o r i n e  was s t i r r e d  with 0.16 more of aqueous sodium 
e thaneni t rona te  f c r  one hour a t  0-10". From the  mixture ,  2.13 moles of 94.8% 
1-chloro-1-ni t roethane were obta ined ,  i n d i c a t i n g  the predominance of r e a c t i c n  6 
over 8 .  In a s i m i l a r  experiment i n  which t h e  c h l o r i n e  was omi t ted ,  1.98 moles of 
93.8% chloroni t roe thane  were recovered which showed an i n c r e a s e  of  1% i n  n i t r o e t h a n e  
conten t ,  i n d i c a t i z g  t h a t  r e a c t i o n  8 does take  p l a c e ,  bu t  a t  a r e i a t i v e l y  slow r a t e .  

Conversion o f  1-Chloro-i-Nitroethane to  2,2-Dini t ropropanol .  The conversion 
of t h e  ch ioro  d e r i v a t i v e  t o  the  a l c o h o l  was s t u d i e d  i n i t i a l l y  i n  batch runs t o  s e t  
condi t ions  f o r  a cont inuous process .  In  a l l  work, t h e  o v e r a l l  yie;d f o r  the two 
s t e p  pro;?ss was measured, s i n c e  i t  w a s  o f  i n t e r e s t  t o  s tudy the e f f e c t  of v a r i a b l e s  
dur ing  the t e r  Meer r e a c t i o n  on the  f i n a l  p u r i t y  of the  a l c o h o l ,  a s  wel l  a s  on y i e l d .  
GonditSOX dur izg  the  second s t e p ,  t h e  methylo la t ion  r e a c t i o n ,  were kept constant  
from run t o  run .  In batch  runs ,  1-chloro-1-nitroethane and an aqueous s o l u t i o n  
containing sodium n i t r i t e  and potassium carbonate  were f e d  s imultaneously t o  a jack- 
etecl 'vessel conta in ing  a h e e i  o f  water :  t h e  temperature  was maintained in t h e  des i red  
range by c i r c u i a t i o n  of cooian t  through. t h e  j a c k e t .  I t  w a s  shown e a r l y  i n  t h i s  work 
t h a t  an a d d i i i o n  t i n e  of  one hour and a pos t  a d d i t i o n  s t i r r i n g  per iod o f  30-60 
minutes gave the b e s t  r e s u l t s  i n  batch systems. These c o n d i t i o n s  were adopted a s  
s tandard  procedure f o r  t h e  eva lua t ion .  of o t h e r  v a r i a b l e s .  
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I t  has  been mentioned t h a t  i s o l a t i o n  and so lvent  washing of the  pota,ss,ium. 
s a l t  of  1 .1-d in i t roe thane ,  t h e  product  o f  the t e r  Meer r e a c t i o n ,  was undes i rab le  
a s  a p u r i f i c a t i o n  procedure due t o  t h e  i m p a c t  s e n s i t i v i t y  of  t h e  dry  m a t e r i a l .  
A number of  a l t e r n a t e  p u r i f i c a t i o n  methods were i n v e s t i g a t e d ,  as shown i n  Table 
4 .  The b e s t  method -found involved a d d i t i o n  of a s u f f i c i e n t  quant i ty  o f  water t o  
completely d i s s o l v e  t h e  s a l t  a f te r  completion o f  the  t e r  Meer r e a c t i o n  and removal 
of  organic  impur i t ies  by e x t r a c t i o n  of t h e  r e s u l t i n g  s o l u t i o n  with e thylene  ch lor ide .  
The e x t r a c t i o n  was then fol lowed by t h e  methylolat ion s t e p .  The y i e l d  and p u r i t y  
of I prepared by this method were almost i d e n t i c a l  t o  those  obtained by t h e  s a l t  
i s o l a t i o n  procedure. 

The e f f e c t s  of temperature  and r e a c t a n t  r a t i o s  on y i e l d  were also i n v e s t i g a t e d  
i n  batch runs .  Temperatures of 15-20' gave b e s t  r e s u l t s ,  a s  shown i n  Fig.  5; a t  
higher  or lower temperatures ,  y i e l d s  f e l l  off  s l i g h t l y .  A molar ra t io  of potassium 
carbonate/l-chloro-1-nitroethane of  1.0 gave bes t  y i e l d s  over  t h e  r a n g e . s t u d i e d  
(0.6 t o  1.21, as shown i n  F ig .  6 .  An excess o f  n i t r i t e  ion favored high y i e l d s ,  as 
shown i n  F ig .  7; above a 20% excess ,  however, t h e  i n c r e a s e  i n  y i e l d  was s l i g h t .  
Thus, w i t h  molar r a t i o s  o f  sodium nitrite/l-chloro-1-nitroethane of 1.0, 1 .2 ,  and 
1.6,  o v e r a l l  y i e l d s  of 63.7, 68.8, and 69.4% were obta ined .  

A continuous r e a c t i o n  system w a s  cons t ruc ted  t o  o p e r a t e  under condi t ions  
i n d i c a t e d  by t h e  batch r u n s .  The appara tus ,  shown i n  F ig .  7,  w a s  desigiled to carry 
o u t  f o u r  s t e p s  on a cont inuous ,  i n t e g r a t e d  b a s i s :  1) conversion of l-chloro-l- 
n i t r o e t h a n e  t o  the  potassium salt of 1 , l -d in i t roe thane;  2 )  d i s s o l u t i o n  of  t h e  sal t  
i n  water ;  3) e x t r a c t i o n  o f  t h e  s a l t  s o l u t i o n  with e thylene  c h l o r i d e ,  and 4)  conver- 
s i02 o f  t h e  e x t r a c t e d  s a l t  s o l u t i o n  t o  a s o l u t i o n  of  2,Z-dinitropropanol. The t e r  
Meer r e a c t i o n  system c o n s i s t e d  of  t h r e e  jacke ted ,  cascade-type r e a c t o r s  connected 
i n  s e r i e s  so t h a t  t h e  overf low w a s  f e d  by g r a v i t y  t o  t h e  next  r e a c t o r .  Each vessel  
was s t i r r e d  by a 2-1/4 i n .  diameter  "Impellator'* high shear  stirrer a t  870 rpm. The 
t w o  f e e d  s t reams,  1-chforo-1-nitroethane and an aqueous s o l u t i o n  of sodium n i t r i t e  
and potassium carbonate ,  were metered t o  t h e  bottom o f  t h e  f i rs t  r e a c t o r  ( R - 1 )  by 
propor t ion ing  pumps. Coolant w a s  c i r c u l a t e d  through t h e  r e a c t o r  j a c k e t s  t o  maintain 
t h e  d e s i r e d  r e a c t i o n  temperature .  The. r e a c t i o n  product mixture overflowed t h e  t h i r d  
r e a c t o r  i n t o  a s t i r r e d  d i s s o l v i n g  v e s s e l  (V-1) t o  which water  was metered t o  d i s -  
so lve  t h e  potassium sa l t  of  d i n i t r o e t h a n e ;  warm water.was c i r c u l a t e d  through t h e  
j a c k e t  t o  maintain a temperature  of 30-35". The bottom o u t l e t  of V-1 was connected 
t o  a proport ioning pump which metered t h i s  stream t o  the  base o f  a modified Scheibel  
countercur ren t  e x t r a c t i o n  column. Another pump metered e thylene  ch lor ide  t o  the  top 
of the  column t o  e x t r a c t  any unreac ted  1-chloro-1-nitroethane and organic  side 
r e a c t i o n  products .  
The organic-free potassium s a l t  s o l u t i o n  overflowed t h e  top  of t h e .  e x t r a c t i o n  column 
and was mixed with a s l i g h t  excess  o f  37% formaldehyde before  e n t e r i n g  the  f i r s t  
s t a g e  of  t h e  methylolat ion r e a c t o r ,  V-2. This  v e s s e l  w a s  equipped wi th  a j a c k e t ,  
s t i r r e r ,  thermometer, bottom o u t l e t ,  and a dropping funnel  f i l l e d  with 29% s u l f u r i c  
a c i d .  Coolant was c i r c u l a t e d  i n t e r m i t t e n t l y  a s  needed t o  maintain a temperature of 
25-30'. The de l ivery  ra te  of t h e  20% s u l f u r i c  a c i d  was a d j u s t e d  to 'main ta in  the  pH 
a t  6.8-7 .O. The combined streams l e f t  t h i s  v e s s e l  by g r a v i t y  f low and passed t o  an 
open-top v e s s e l  equipped with a s t i r r e r  and a s i d e  o u t l e t  near  t h e  t o p .  Additional 
s u l f u r i c  a c i d  w a s  added t o  maintain t h e  pH a t  4 .0  t o  4.5 i n  t h i s  v e s s e l .  
s o l u t i o n  of I overflowed t h e  s i d e  o u t l e t  and was c o l l e c t e d  f o r  i s o l a t i o n  of product 
by e x t r a c t i o n  with e thylene  c h l o r i d e .  

A s e r i e s  o f  runs was made i n  t h i s  system i n  which r e a c t a n t  r a t i o s  were kept 
e s s e n t i a l l y  c o n s t a n t ,  while  temperature  and r e s i d e n c e  t i m e  were var ied .  Resul t s ,  
shown i n  F ig .  8 ,  c l o s e l y  p a r a l l e l e d  those obtained i n  ba tch  s t u d i e s .  I n  the  temper- 
a t u r e  range 3-25' with res idence  times of 0.5-2.0 hours  i n  the  t e r  Meer reac t ion ,  
the  b e s t  y i e l d  (71%) w a s  ob ta ined  a t  17" with a res idence time o f  1.3 hours .  Data 
from t h i s  run a r e  shown i n  Table  5 .  

The column was opera ted  so t h a t  t h e  aqueous phase w a s  continuous. 

The aqueous 

Samples were c o l l e c t e d  over 2-hour per iods 
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beginning a t  4.5 hours a f t e r  system s ta r t - t ip .  Steady s t a t e  was a t t a i n e d  i n  about 
8 hours a s  judged by l e v e l i n g  o f f  of product y i e l d .  
of 24.5 hours and gave reasonably c o n s i s t e n t  resul ts  dur ing  the per iod 8.5-24.5 
hours .  The system opera ted  smoothly and presented no foreseeable  major obs tac les  
from the  s tandpoin t  of scale-up.  A number of o ther  runs, c a r r i e d  out f o r  per iods 
of 12-26 hours ,  a l s o  proceeded smoothly. 

The system was run f o r  a t o t a l  

COMPARISON OF METHODS 

I 

I' 
! 

Under t h e  b e s t  condi t ions  f o r  both systems, t h e  o x i d a t i v e - n i t r a t i o n  r o u t e  t o  
2 ,2-d in i t ropropanol  g ives  about a 15% higher  o v e r a l l  y i e l d  (80% v s .  65% based on 
n i t r o e t h a n e )  than does t h e  t e r  Meer r o u t e .  Chemical c o s t s ,  however, f o r  the t e r  
Meer process a r e  about one-half those  f o r  the o x i d a t i v e - n i t r a t i o n  process d u e . t o  
s i l v e r  l o s s e s ,  t h e  n e c e s s i t y  of  using a n  expensive grade of  sodium hydroxide, and 
the use  of l a r g e  q u a n t i t i e s  of n i t r i c  a c i d  t o  regenera te  s i l v e r  n i t r a t e .  
these  cons idera t ions ,  and on c o s t  es t imates  f o r  manpower and f a c i l i t y  requirements ,  
i t  appears t h a t  t h e  o x i d a t i v e - n i t r a t i o n  process  is t h e  s u p e r i o r  method f o r  preparing 
small o r  in te rmedia te  q u a n t i t i e s  of 2 ,2-d in i t ropropanol ,  whereas the ter  Meer r o u t e  
becomes t h e  more economical a t  h igher  product ion l e v e l s .  

Based on 

EXPERIMENTAL 

Mater ia l s .  Sodium hydroxide - U.S.P., maximum c h l o r i d e  content  0.005%. 
Nitroethane - commercial grade,  used a s  rece ived  from Commercial Solvents  Corp.; 
the  var ious  samples used i n  t h i s  work averaged 93% n i t r o e t h a n e  a s  determined by 
vapor chromatography. PotaSsium carbonate  - commercial grade,  c a l c i n a t e d ,  99.0%. 
Sodium n i t r i t e  - U.S.P., g r a n u l a r ,  99.4%. Chlorine - commercial grade obtained 
from The Matheson Co., 99.5%. S i l v e r  n i t r a t e  - C.P. c r y s t a l s ,  99,98%. Formalde- 
hyde - commercial grade 37% aqueous s o l u t i o n  conta in ing  7-8% methanol. S u l f u r i c  
acid - t x h n i c a l  grade,  98%. N i t r i c  a c i d  - commercial grade,  67%. Acetic a c i d  - 
g l a c i a l ,  99.5%. Ethylene c h l o r i d e  - t e c h n i c a l  grade. Methanol - commercial g rade .  
Potassium hydroxide - t e c h n i c a l  grade, 85%. Ethyl  e t h e r  - a n a l y t i c a l  reagent  grade.  

Analysis  of n i t r o e t h a n e  and 1-chloro-1-nitroethane. Analysis  by vapor 
chromatography was i n v e s t i g a t e d  us ing  a number of columns under s e v e r a l  s e t s  of  
condi t ions .  Best r e s u l t s  were obtained using a Perkin-Elmer Model 154-D Vapor 
Fractometer equipped wi th  a 0.1 mv Leeds and Northrup recorder  and a Perkin-Elmer 
Model 194 i n t e g r a t o r .  The instrument w a s  operated a t  90' w i t h  5 meters of  column 
packed with GE-SF-96 s i l i c o n e  on 35/80 Chromosorb (Wilkins Instrument and Research 
Co., Walnut Creek, C a l i f o r n i a ) .  A heiium f l O w  r a t e  of 45 cc/min a t  10 ps ig  was 
maintained using 5 m i c r o - l i t e r s  of sample. Each major (>0.01%) component was 
trapped by repea ted ly  running sampies of t h e  crude m a t e r i a l  through the  f rac tometer  
u n t i l  enough m a t e r i a l  was obtained f o r  i n f r a r e d  examination and f o r  recyc le  t o  t h e  
column a t  a known concent ra t ion .  I n  t h i s  manner, ni t romethane (peak 3 ,  V: 496.8). 
n i t roe thane  (peak 4, V i  715.2) ,  2-nitropropane (peak 5,  V i  876.5), l -chloro- l -  
n i t roe thane  (peak 6 ,  V: 1235.41, 1,l-dichloro-1-nitroethane (peak 7 ,  VI 1498.81, 
and 2-chloro-2-nitropropane (peak 7 ,  V I  1498.8) were measured. The l a t t e r  two 
components e l u t e d  a t  t h e  same time and were c a l c u l a t e d  a s  a s i n g l e  value.  Peaks 
1 and 2 were present  t o  t h e  e x t e n t  of  (0.01% and were not i d e n t i f i e d .  

Analysis of  2 ,2-d in i t ropropanol .  A 10-g sample was weighed i n t o  a '  t a r e d  
Erlenmeyer f l a s k  and d i s s o l v e d  i n  50 m l  of  anhydrous methanol. The s o l u t i o n  was 
maintained a t  -5 t o  O'C while  50 m l  of a s o l u t i o n  conta in ing  6.5 g of 85% potassiulp. 
hydroxide i n  methanol was added gradual ly  with s t i r r i n g .  A f t e r  a d d i t i o n ,  the t h i c k  
yellow s l u r r y  of  potassium 1-nitro-1-ethanenitronate was s t i r red  f o r  a n  a d d i t i o n a l  
2-3 minutes a t  -5 t o  0 ' .  The mixture was s u c t i o n  f i l t e r e d  on a s i n t e r e d  f u n n e l  
and washed 3 t imes with cold anhydrous e t h y l  e t h e r .  When d r y ,  t h e  potassium s a l t  
is extremely shock s e n s i t i v e  (impact s e n s i t i v i t y  of l e s s  t h a n  5 cm using a 2-kg 
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weight i n  t h e  Bureau of Mines apparatus)  and should be  kept  damp w i t h  so lvent  during 
handling opera t ions .  After t h e  l a s t  e t h e r  wash, the s a l t  was t r a n s f e r r e d  (behind a 
s a f e t y  s h i e l d )  t o  a t a r e d  P e t r i  d i s h  and spread a s  t h i n  as poss ib le .  
placed on a balance and so lvent  allowed t o  evaporate  u n t i l  cons tan t  weight w a s  
reached.  
from t h e  balance.  

The d i s h  was 

The sample was s a f e l y  disposed of  by quenching with water before  removal 

Prepara t ion  of 2 ,2-dini t ropropanol  by t h e  o x i d a t i v e - n i t r a t i o n  method. A 
suspension o f  n i t r o e t h a n e  (150 g, 93% p u r i t y ,  1.86 moles) and water (400 m l )  was 
s t i r r e d  vigorously while a s o l u t i o n  of  50% sodium hydroxide (168 g, 2.1 moles) was 
added over a 25-min per iod  whi le  keeping the  temperature  a t  0-10'. A f t e r  addi t ion  
was complete, sodium n i t r i t e  (144 g,  2.1 moles; was added and the  mixture was 
s t i r r e d  an a d d i t i o n a l  5-10 min. The mixture was added, over a 2-min per iod,  t o  a 
vigorously a g i t a t e d  s o l u t i o n  of s i l v e r  n i t r a t e  (644 g ,  3.8 moles) in 2400 m l  of  
water  which had been precooled t o  0 ' .  Two minutes a f t e r  a d d i t i o n ,  t h e  temperature 
had r i s e n  t o  12' and t h e  pH was 5 . 0 .  After  s t i r r i n g  an a d d i t i o n a l  30 min a t  10-15', 
the  mixture was t r e a t e d  w i t h  50% sodium hydroxide, added over a 25-min per iod  a t  
10-20°, u n t i l  a pH of 12-13 w a s  reached. The mixture  was f i l t e r e d  and t h e  s i l v e r  
washed t h r e e  times with 400-1111 por t ions  of water. 
was ad jus ted  t o  8.5-9.5 wi th  a c e t i c  a c i d ,  and 37% formaldehyde (170 g, 2 .1  moles) 
was added a l l  a t  once. 
over a 30-min per iod.  After s t i r r i n g  an a d d i t i o n a l  30 minutes, the  s o l u t i o n  was 
e x t r a c t e d  e i g h t  times with 400-1111 por t ions  o f  e t h y l e n e  c h l o r i d e .  Removal o f  the  
so lvent  i n  vacuo le f t  230 g o f  97% 2 ,2-d in i t ropropanol ;  o v e r a l l  y i e l d ,  79.9% based 
on the  n i t r o e t h a n e  content  of the  s t a r t i n g  material. 

The pH o f  t h e  combined f i l t r a t e s  

The pH was then a d j u s t e d  t o  5.0 w i t h  a c e t i c  a c i d  a t  20-25' 

Conversion o f  recovered s i l v e r  t o  s i l v e r  n i t r a t e .  Recovered s i l v e r  (454 g) 
was s l u r r i e d  with 350 m l  o f  water  i n  a r e a c t i o n  v e s s e l  equipped with a c a u s t i c  
scrubbing system t o  remove o x i d e s  o f  n i t rogen .  With good s t i r r i n g ,  67% n i t r i c  ac id  
(640 g) was added over a 4-hr per iod a t  30-40". S t i r r i n g  w a s  cont inued af ter  addi- 
t i o n  f o r  1 hr  a t  4 0 "  and t h e  pH of t h e  s o l u t i o n  was then a d j u s t e d  t o  5.0-5.5 by 
gradual  a d d i t i o n  of 50% sodium hydzoxide. 

Prepara t ion  o f  sodium e thaneni t rona te  f o r  c h l o r i n a t i o n  s t u d i e s .  ( a )  Batch 
procedure. 
e thane (900 g ,  11.08 moles) and 1800 m l  of water ,  35.85% sodium hydroxide , ( l275  g ,  
11.11 moles) was added a t  5-10" i n  15 min. The mixture w a s  s t i r r e d  an a d d i t i o n a l  
15 min, d i l u t e d  t o  4 l i t e r s ,  and t r a n s f e r r e d  t o  a s e p a r a t o r y  funnel  where, t h e  un- 
reac ted  organic  layer  ( t h e  major i ty  beirig 2-nitropropane) was separa ted .  The lower 
a,queous l a y e r  w a s  s t o r e d  a t  5 "  p r i o r  t o  use.  The f i n a l  s o l u t i o n  contained 23.45% 
sodium e thaneni t rona te  and had a pH o f  10.6-11.0. (b)  Continuous procedure. 
Continuous r e a c t i o n s  were c a r r i e d  out  i n  a two s t a g e  cascade r e a c t i o n  system (Fig .  
1) equipped with paddle a g i t a t o r s  and j a c k e t s  through which coolan t  was c i r c u l a t e d .  
Equimolar s t reams of  15% sodium hydroxide and n i t roe thane  were f e d  t o  the, first 
400-ml r e a c t o r  by propor t ion ing  pumps. 
g r a v i t y  overflow from the  f i r s t  s t a g e  t o  t h e  bottom of  a second i d e n t i c a l  r e a c t o r .  
The product overflowing t h e  second r e a c t o r  was f e d  t o  a decanter  for  separa t ion  of 
unreacted 2-nitropropane from t h e  aqueous product  s o l u t i o n .  

To a precooled and vigorously s t i r r e d  mixture of 92.6% .commercial n i t ro-  

The s t a g e  h e i g h t s  were arranged t o  p e r m i t  

Conversion of sodium e t h a n e n i t r o n a t e  t o  1-chloro-1-ni t roethane.  ( a )  Tube 
c h l o r i n a t o r .  A sketch of t h e  t u b e  c h l o r i n a t i o n  system i s  shown in Fig. l a :  t h e  
r e a c t o r  was a jacketed tube 1 c m  I.D. x 72 cm long and was equipped with a thermo- 
couple wel l  which extended the length  of the  tube.  Precooled aqueous sodium 

'e thaneni t rona te  and ch lor ine  were fed  t o  the  tube  i n l e t  through a proport ioning 
pump and a ro tameter ,  r e s p e c t i v e l y .  Cooiant ,  a t  the  d e s i r e d  temperature ,  was 
c i r c u l a t e d  through t h e  tube j a c k e t .  Ef f luent  from the  tube flowed t o  a decanter  
where the  pH, of t h e  spent  aqueoils layer  was measured. (b) S t i r r e d  c h l o r i n a t o r .  
The s t i r r e d  c h l o r i n a t i o n  system is shcwn in Fig.  4 .  The r e a c t o r  (2.54 cm I.D. x 
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28 cm h e i g h t )  was equipped with a j a c k e t  f o r  coolant  c i r c u l a t i o n ,  thermocouple w e l l ,  
and paddle s t i r r e r .  Precooled aqueous sodium e t h a n e n i t r o n a t e  was f e d  t o  the  top  of 
the r e a c t o r  by a propor t ion ing  pump; ch lor ine  was f e d  t o  a bottom i n l e t  through a 
rotameter .  The product mixture flowed by g r a v i t y  t o  a decanter  where the  spent  
aqueous and organic  l a y e r s  were separa ted  cont inuously.  The pH of  the  aqueous l a y e r  
W Q S  measured in t h e  d e c a n t e r .  Af te r  separa t ion  of  t h e  crude product ,  i t  w a s  d r i e d  
with sodium s u l f a t e  ( 3  g per 100 g of  crude product)  and f i l t e r e d  b e f o r e  a n a l y s i s .  
Yields  were based on t h e  amount o f  d r i e d ,  f i l t e r e d  m a t e r i a l  recovered.  When an 
excess  of  c h l o r i n e  was used, a s t ream of a i r  was blown through t h e  crude m a t e r i a l  
to  remove d i s s o l v e d  c h l o r i n e  before  t h e  dry ing  s t e p .  

Batch conversion of 1-chloro-1-nitroethane t o  2 .2-d in i t ropropanol .  Typical  - run.  A s o l u t i o n  of potass i -m carbonate  (138 g ,  1.0 mole) and sod'ium n i t r i t e  (82.8 
g. 1.2 mole) i n  500 m l  o f  water  was added s imultaneously w i t h  95% l-chloro- l -ni t ro-  
e thane (109.5 g, 0.95 mole) over a 1-hr per iod t o  a v igorous ly  s t i r r e d  100 m l  hee l  
of water  a t  12-18'. A f t e r  t h e  a d d i t i o n ,  the  s l u r r y  o f  p r e c i p i t a t e d  yellow potassium 
s a l t  of  1 , l - d i n i t r o e t h a n e  was s t i r r e d  30 min a t  12-18O. The s a l t  was d isso lved  a t  
25' by a d d i t i o n  of 1400-1700 m l  of water, and t h e  r e s u l t i n g  s o l u t i o n  e x t r a c t e d  twice 
with 380-ml p o r t i o n s  of e thylene  c h l o r i d e .  The aqueous l a y e r  was t r e a t e d  wi th  37% 
formaldehyde (60.4 g ,  0.745 mole) and t h e  s o l u t i o n  a c i d i f i e d ,  over  a 30-min per iod ,  
to  pH 4.0-4.5 with 400-500 g o f  20% s u l f u r i c  a c i d .  The s o l u t i o n  was allowed t o  s t i r  
another  30 min and was then e x t r a c t e d  with 12 a l i q u o t s  of  150 m l  of e thylene  c h l o r i d e .  
The combined organic  e x t r a c t s  were s t r i p p e d  i n  vacuo t o  l e a v e  100.6 g of  99.0% 
2,2-dini t ropropanol ;  o v e r a l l  y i e l d ,  69.9% based on t h e  1-chloro-1-nitroethane conten t  
of the s t a r t i n g  m a t e r i a l .  

Continuous conversion of 1-chlcro-1-nitroethane to  2 ,2-d in i t ropropanol .  The 
appara tus  employed i n  t h e s e  s t u d i e s  is  shown i n  F i g .  8 .  1-Chloro-1-nitroethane 
(94-96% p u r i t y )  and aqueous feed  (1.2 moies of  sodium n i t r i t e  and 1.0 mole of potas-  
sium carbonate  per  600 m l  of  water)  were metered s e p a r a t e l y  t o  the  f i r s t  s t a g e  reac-  
t o r  of  the t e r  Meer r e a c t i o n  system by propor t ion ing  pumps. Rates  were a d j u s t e d  t o  
maintain a molar f e e d  r a t i o  of CH3CHCiNO2/NaNO2/K2CO3=0.95/1.2/1.0 and a t o t a l  r e s i -  
dence time of  0.5-2.0 h r  i n  t h e  t h r e e  s t a g e  r e a c t i o n  s y s t e m .  The "Impel la tor"  
s t i r r e r s  i n  each r e a c t o r  were ad jus ted  t o  a r a t e  of 870 rpm. Temperature was con- 
t r o l l e d  i n  t h e  d e s i r e d  range by c i r c u i a t i o n  of coolant  thrcugh t h e  r e a c t o r  j a c k e t s ;  
maximum temperature spread through t h e  t h r e e  s t a g e s  was 3" .  The potassium s a l t  
product s l u r r y  overflowed t h e  t h i r d  s t a g e  t o  a d i s s o l v i n g  v e s s e l  t o  which water  
(2000 ml/mole o f  1-chloro-1-ni t roethane f e d )  w a s  pumped; temperature  was maintained 
a t  30-35" by c i r c u l a t i o n  of water through t h e  j a c k e t .  The r e s u l t i n g  potassium s a l t  
s o l u t i o n  was pumped t o  the  base of a modified Scheibe l  column. 
(1000 m l h r  i n  a l l  runs)  was pumped t o  t h e  t o p  o f  t h e  column. The e x t r a c t e d  aqueous 
e f f l u e n t  from the  column was allowed t o  f low by g r a v i t y  t o  a jacke ted  r e a c t i o n  
v e s s e l  t o  which 37% formaldehyde (0.85 mole/mole o f  1-chloro-1-ni t roethane f e d )  and 
20% s u l f u r i c  a c i d  were added; pH i n  t h i s  r e a c t o r  was maintained a t  7.0-7.5 and the  
temperature a t  25-30'. Ef f luent  from t h i s  r e a c t o r  was allowed t o  f low t o  a second 
v e s s e l  i n  which t h e  pH was maintained a t  4.0-4.5 by f u r t h e r  a d d i t i o n  o f  20% s u l f u r i c  
a c i d .  Ef f luent  from t h i s  r e a c t o r ,  conta in ing  about 3% 2,2-d in i t ropropanol ,  was 
c o l l e c t e d  a s  product .  A complete weight balance was conducted f o r  each sample. 
Al iquots  (4  l i t e r s )  of each sampie were e x t r a c t e d  twelve t imes with 300-in1 p o r t i o n s  
of ethylene c h l o r i d e ;  so lvent  was then removed i n  vacuo i n  a r o t a r y  evaporator  with 
f i n a l  hea t ing  o f  the  r e s i d u e  a t  45'/0.1 mm f o r  1 h r .  Phase d i s t r i b u t i o n  s t u d i e s  
showed t h a t  the e x t r a c t i o n  procedure descr ibed  above gave a 96% recovery of  product 
from t h e  aqueous l a y e r .  Continuous e x t r a c t i o n s  i n  t h e  modified Scheibel  column gave 
a 94% average recovery.  

Ethylene c h l o r i d e  
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3 
4 
5 
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TABLE 1 

TYPICAL ANALYSIS OF 2,2-DINITROPROPANOL PREPARED VIA 'ME 
OXIDATIVE-NITRATION REACTION 

2.2-Dini t so propanol 
Mononitro Compounds* 
1.1-Dinitroethane 
Formaldehyde 
Silver 
Water 
Acetone Insolubles 

*Includes nitroethane. 2-nitro-1-propanol and 
2-nitro-2-methyl-1,3-propanediol 

97 -0 
2 .o 
0.5 
0.1 
0 -05 
0.1 
0.1 

TABLE 2 

EFFECT OF RESIDENCE TIME ABOVE 40°C ON THE PURITY OF 
1-CHMRO-1-NITROETHANE 

Residence Time in Mole "J. in Product 
Chlorinator, min. . Maximum 1-Chloro-1- 2-Chloro-2-Nitropropane - Total Above 4OoC . Temp.,*C Nitroethane 1,l-Dichloro-1-Nitroethane 

1.35 
1 .?2 
3.70 
4.88 
6.90 
10 .?O 
17 50 
9.90 
5.22 

0.31 
0.30 
0.52 
0 .oo 
0.73 
0.55 
1.23 
5 -57 
5 -22 

aAlso contained 11.9% nitroethane. 

68 
58 
58 
39 
50 
50 
50 
76 
70 

95.7 
94.8 
95.6 
95.7 
95.5 
94.3 
92.5 
78.5 
77.3 

1 .50 
2.34 
1.86 
1.87 
2 .so 
2.39 
3 .?O 
8 .6Sa 
10 .90b 

bAlso contained 10.6% nitroethane. 



227. 

0 

rl 
'9 

N 
? 
n a- 

t- 
9 
rl 

0 rl 

rl 

4 
1 

4 
9 
m o 

o n o a .  

or lo - - lo  
? ? ? ? ? E  

m 
t 
B 
e 
B 

e 

u 

* 
L. 

4 4 

C 4 

m 

.. 
c: 
s 

m 

t- 

t- 
Y 

U 

..I ro Y 

4 ro 

PI 
m 
u 8 

:I 

t 

8 
c 

X 

c 
rl 
U 
% u 

c 
C 

4 Y 

4. 
4 * 
a 

m n 
m 
* 
0 c 
Y 
0 

u 
0 

N 

e 
U 
a 

m 

i 
v1 

u 
ro 
u 
S 

:I 

; c 
u 
u 
.I 

0 Y .  

c 
C 

4 * 
Y 
4 Y 

a 

m n 
m 
I. 

c 

P u 
U 
X u 

N 

C 

- 

2 

a 
m m 

P) 

v) 



g 
i 228, 

;I 
O N  
4 Y - \I 
a m  
aJ \. alz kl $1 
o x  
=Uo 

51 

s 
W 
ro 

? 
m 
Q, 

0: 
0 
5: 

c? 
P 
4 

9 
VI 
rl 

9 
P- d 

0 
? 
4 

9 

N. 

rl 
\ 

4 
\ m 
m 
Q: 
0 

v! 

Y 
9 

I 

P 

* 
4: 
VI 
d 

VI 
m 
9 

VI 
m 
QI 

O? 
QI 
0 

0. 
P 
rl 

9 
VI 
4 

9 
l- 4 

VI 
0 
? 
4 

9 
< 
N. 
2 
0: 

rl 

m 

0 

Y 
v! 
03 

I 

9 

* m 
I 

VI 
d 

e9 
0 
l- 

s 
01 
01 

m 
0 
OL 

'9 
P 
rl 

d 

VI 
4 

"! 
P- d 

VI 
0 
? 
d 

0- 

N. 

F; 

rl 
\ 

d 

VI 

0 
Q: 

v! 

Y 
0 
4 

I 

m 

Y 
VI 
rl 

c: 
01 
9 

N. 
W 
01 

cu. 
2 
d 

v! 
P 
rl 

d 

VI 
4 

rl 

I; 

rl 

? 
4 

9 

? 

z 

rl 
\ 

rl 
\ 

a: 
0 

? 

VI. 

N 
d 
I 

2 

9 
VI 
4 

? 
N 
IC 

m 
m 
01 

s 
01 
Q, 

9 
-. 
0 

9 
VI 
4 

0 
lc rl 

VI 
0 
1 
4 

4 

N. 
4 
\ 

5 m 

0 
a: 

? 

? w 
N lu 

I 

I4 
I 
VI 
rl 

9 
rl 
P- 

o: 
m 
01 

0; 
W 
Q, 

n 

Y 
al m a 
m Y 
bl 0 
aJ z 
> u *  

1' 

t 



i 

1 

I hl 



P 

! 



2 j1. 

I 

a 
- 9  

I 

',d 

a 



65 

60 

55 

Y 8 5 0  

15 

bo 



! 

i 

c 

, 

I 

? ’  

i 
t f  
7 

t 



234. 

REFERENCES 

(1) 

( 2 )  

L. Henry, Compt. rend., 120, 1265 (1895) 

R.B. Kaplan and H.O. Shechter ,  "A New General Reaction f o r  Preparing E - D i n i t r o  
Compounds ." Paper No. 1, Symposium on Nitro Al ipha t i c  C%emistry, Purdue 
Universi ty ,  May 25-26, 1961. 

(3) S.B. L ipp inco t t ,  J. Am. Chem. SOC,, 62, 2604 (1940): U.S. P a t e n t  2,260,256, 
Oct  . 21, 1941. 

(4) C.M. Wright and D.R. Levering, "E lec t ro ly t i c  P repa ra t ion  o f  E - D i n i t r o -  
p a r a f f i n s  .I* Paper No. 2, Symposium on N i t r o  Al ipha t i c  Chemistry, Purdue 
Un ive r s i ty ,  May 25-26, 1961. 

(5) E. ter Meer, Ann. 181, 1 (1876) - 
(6) L.G. Maury and D.R. Levering, Hercules Powder Co., P r i v a t e  Communication. 

, 


